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Abstract 
NiTi can be used as a metallic matrix of a cermet (a composite of ceramic and metallic materials) to increase its durability and
resistance. On the other hand, the TiC and TiB2 are hard ceramic materials that can be used to increase the wear resistance of the 
composite to which they belong. This study compares the mechanical adherence, tribological and corrosion properties of a cermet
that has TiC or TiC-TiB2 and NiTi as a matrix. The friction coefficient and the mass loss as a function of time were obtained 
from the tribological tests and compared for the two types of coatings. The coatings were produced by thermal spraying onto a 
steel substrate. The coatings containing TiB2 showed lower adhesion and higher wear rates than the TiC coatings. This pattern 
may be attributable to the degradation of the TiB2 during the thermal spray process. 
PACS: 62.20.Qp; 81.40.Pq; 62.20.fg 
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1. Introduction 
Thermal spray coatings are used to enhance tribological and corrosion or oxidation resistance properties [1]. 
Appropriate coating improves the oxidation resistance of steel, which allows the piece to be used at higher 
temperatures. NiTi can be used as metallic matrix to give toughness to brittle ceramic particles. Carbides as TiC are 
widely used as the ceramic component because of their resistance to wear [2] and oxidation [3]. The use of diborides 
[4] is also attractive because of the high thermal conductivity [5, 6] and melting temperature, which increase the 
thermal shock resistance of the coating. Sintered Fe-TiB2 composite products obtained by laser cladding have good 
mechanical properties [7]. NiTi was chosen for this study because it can adjust large deformations (via 
pseudoelasticity) and thus contribute to reduce wear [8]. Carbide and diboride oxidation and degradation may occur 
depending on the thermal spray conditions. Decomposition can lead to inhomogeneous coatings. Many studies have 
been performed on bulk and TiC or TiB2 composite materials [5]. The aim of this work is to examine the effects of 
TiB2 on a TiC-NiTi coating. The mechanical adherence, wear resistance and corrosion potential of both TiC-NiTi 
and TiC-TiB2-NiTi coatings are evaluated. 
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2. Experimental 
TiC-NiTi or TiC-TiB2-NiTi powders were obtained using the Self-propagation High temperature Synthesis (SHS) 
method. This process produces uniformly distributed ceramic particles throughout the metallic matrix, (Figure 1 a 
and b). The elemental powders of graphite, boron, nickel and titanium were weighed and mechanically mixed in a 
ratio of 60% (ceramic compounds)-40% wt (metallic matrix) respectively. In the case of TiC-TiB2, the same weight 
of each ceramic was selected. The initial compositions were chosen to ensure a good cohesion of the ceramic 
particles. The SHS products were ground in a Retsch Planetary Ball Mill. The final powders were wet sieved to 
remove finer particles, using a mechanical sieve shaker (Retsch, AS 200 Digit) to the final nominal size distribution 
(20-63 m).  
An air plasma spraying gun F4 from Sulzer-Metco was used to obtain the coatings. The substrate was a 34CrMo4 
carbon steel (50 mm X 20 mm X 5 mm). The steel was previously sand blasted to a final roughness of 3-4 µm. The 
spraying conditions are shown in Table I. Cross-sections of the coatings were prepared using standard 
metallographic techniques and examined on a JEOL JSM 5310 scanning electron microscope coupled with an EDS 
(Röntec) analyzer. 
Tension tests were carried out on a universal testing machine to measure the coating-substrate adherence, as 
indicated in the ASTM C-633 standard, even for samples with lower thickness than indicated in the standard. 
Rubber wheel abrasion tests were also performed following ASTM G65-00. A normal force of 50 N was used. Wear 
resistance was measured as mass loss. Friction tests were done using ball-on-disk equipment according to ASTM 
G99-03. Specimens were pressed at 10 N against a WC-Co, 16 mm ball. Tests were carried out at room temperature 
under dry conditions (less than 20% humidity). The electrochemical corrosion tests were done according to ASTM-
1411. 
Table 1: Spraying parameters 
Current (A) 550-630 
Ar flow (l/min) 38-42 
H2 flow (l/min) 10-15 
Spray distance (mm) 120 
Feed rate (g/min) 15 
3. Results and discussion 
The particles of both powders had homogeneous distribution of ceramics dispersed in the matrix. Rounded TiC 
particles ranging between 3-8 m were present in the case of TiC-NiTi powder (Figure 1a). On the other hand, the
TiB2 has a plate-like morphology with a mean size of 1-2 m (darker phase in Figure 1b) and the TiC was smaller 
than TiC in the other powder, ranging from 2 to 4 m.  
The cross section of both coatings are shown in Figure 2a) and b) respectively. Non uniform matrix regions are 
present in both cases. Brighter regions have slightly Ni rich composition compared with the darker ones. The free 
energy difference between the NiTi and the mixture of Ti2Ni and TiNi3 is small [9] and so it is difficult to obtain a 
homogeneous NiTi phase. The SHS process does not fully guarantee a homogenous composition of the intermetallic 
compound in this case. X-Ray diffraction of the free surface of TiC-NiTi coating shows the TiC, NiTi peaks as main 
phases but some small wide peaks, close to Ti2Ni peaks, are also present. These peaks have been also detected in 
NiTi coatings [8]. A layer near 350 µm was obtained in the case of TiC-NiTi and 230 µm for TiC-TiB2-NiTi with 
the same number of layers.  
Small transverse cracks were found in both coatings, but especially in TiC-NiTi due to the thermal stresses 
generated during cooling. The coating containing TiB2 is slightly more porous than the other (Table 2). The coating 
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contained less TiB2 than the original powder, which indicates that the diboride was affected by the deposition 
process. 
Table 2 shows the properties of the TiC-NiTi and TiC-TiB2-NiTi matrix coatings. The adhesion values were 
markedly different. This finding, together with the different porosities and the low amount of TiB2 present in the 
coating, may be attributable to the thermal decomposition and oxidation of TiB2 during the spraying process. It 
should be taken into account that the deposition was by a plasma gun, which heats the particles to well above 
1200ºC. The decomposition is also enhanced by the large surface-to-volume ratio of the TiB2 particles. According to 
Raju, the decomposition of the TiB2 takes place through the formation of B2O3, which it is strongly enhanced above 
1000ºC [10]. The B2O3 sublimates and is not deposited on the substrate. This could also explain the porosity 
differences between two coatings sprayed in the same working conditions. Not only is the TiB2 decomposed during 
the spray deposition, but the TiC is also affected by the process. Some carbide dissolution may take place in both 
cases and the products of the decomposition are dissolved into the matrix.  
Table 2: Properties of the coatings obtained 
TiC-NiTi TiC-TiB2-NiTi 
Adherence (MPa) 58 21
Friction coefficient 0.5 0.9 
Wear loss (mg/min) 0.4 2.4 
Corrosion potential (mV) -593 -615 
Porosity (%) 4 6
Fig. 1a. Cross section of the TiC-NiTi powder b. Cross section of the TiC-TiB2-NiTi powder 
There is a large difference of friction coefficients (Table 2). The friction coefficient of bulk TiB2 is around 0.8 at 
room temperature [11].The shear elastic constant (C44) for TiC is 1.17 10
11 Pa while for TiB2 it is  
2.5 1011 Pa. In the pin-on-disk test, a shear load is applied and then the tangential force is mainly supported by the 
TiB2 particles rather than TiC ones, giving a friction coefficient similar to the bulk TiB2. The wear loss is also higher 
for the TiB2 coating. The higher friction, porosity, and lower adherence promote the pull out of some regions of 
coating much more easily than in the TiC coating. 
The corrosion potential for both coatings is close to the potential of the steel substrate [12]. This may be 
attributed to the cracks and pores which are pathways for the electrolyte to the substrate. Similar corrosion potential 
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was found for both coatings, indicating that the corrosion is not influenced by the addition of TiB2. Corrosion takes 
place preferentially through the TiC and TiB2 interfaces by etching of the matrix, which is essentially the same for 
both coatings allowing to the electrolyte to contact the substrate. 
Fig. 2a. Cross section of the TiC-NiTi coating b. Cross section of the TiC-TiB2-NiTi coating 
4. Conclusions 
Coatings of TiC-NiTi and TiC-TiB2-NiTi have been obtained by thermal spray starting from powders obtained by 
SHS technology. Diboride degrades quite strongly under the projection conditions presumably because of the higher 
surface-to-volume ratio. Coatings containing diborides have lower adhesion, higher porosity and higher wear losses 
than TiC-NiTi coatings. The friction coefficient of the coatings containing diborides is higher than the friction 
coefficient of TiC-NiTi matrix. The higher shear elastic constant of the diboride may be the reason for this behavior. 
The corrosion potential for TiC-NiTi and TiC-TiB2-NiTi coatings results very close to that of the steel substrate 
because of the porosity and small cracks present. 
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